Summary.-To investigate whether AKR spontaneous leukaemogenesis is associated with a reduction in functional activity of T lymphocytes, the PHA response of AKR blood cells at different ages up to and including the preleukaemic period was studied. No significant differences were observed among young, adult and preleukaemic donors. In addition, the in vitro and in vivo AKR lymphocyte functions were compared with those of CBA lymphocytes by means of their response to stimulation with T and B lymphocyte selective mitogens (PHA, Con A and LSP respectively), and their response to immunization with thymus dependent (SRBC) or independent (LPS) antigens.
IN 1960, Old and his co-workers reported that mice infected with Friend murine leukaemia virus (F-MuLV) displayed a diminished antibody producing capacity towards sheep red blood cells (SRBC) . Since then, the immunodepressive effects exerted by MuLVs in mice and rats subsequently immunized with a variety of antigens have been well documented (for review articles, see Notkins, Mergenhagen and Howard, 1970; Dent, 1972; Friedman and Ceglowski, 1973) . In most experimental models investigated, depression of immune reactivity was evident long before clinical onset of the leukaemic disease. Consequently, it was postulated that an important factor contributing to the pathogenesis of haematopoietic malignancies could be a decrease in host immune capacity operated by the oncogenic agents themselves. However, AKR mice, which are considered the natural carriers of endogenous Gross (G) MuLV, exhibit a severely depressed immune response only when frankly leukaemic (Metcalf and Moulds, 1967) .
In addition, during the AKR preleukaemic period, immune reactivity has been reported as either normal or decreased (Metcalf and Moulds, 1967; Hargis and Malkiel, 1972; Dore, Schneider and Mathe, 1969) . Since the leukaemias which develop spontaneously in adult AKR mice originate in the thymus (Metcalf, 1966) , it is likely that the thymus derived (T) lymphocytes represent the actual targets for virus induced neoplastic conversion. Moreover, in many instances the cell surface marker for T cells, the 0 antigen, has been found on AKR leukaemic lymphocytes (Grey et al., 1972) . Thus, if a deficiency in AKR immune reactivity is produced early in life as a consequence of G-MuLV infection, the T cell functions should be primarily affected.
In previous preliminary experiments (Biasi et al., 1974) , we had observed that the response of AKR lymphocytes in vitro to phytohaemagglutinin (PHA), a T cell selective mitogen, did not vary with increasing donor age, up to and including the preleukaemic period, and that AKR lymphocytes were considerably less stimulated by PHA than CBA lymphocytes. The present study reports further observations regarding the in vitro and in vivo functional activity of both T and bursa equivalent derived (B) lymphocytes of AKR mice.
MATERIALS AND METHODS
Mice.-Inbred AKR, CBA and CBAT6T6 (hereafter called T6) mice from our colony were used throughout.
Preparation of cell suspensions.-Blood samples were collected by heart section according to Festenstein (1968 (Doenhoff et al., 1970) Ford (1966) . Two slides were examined from each culture and 50-100 metaphases per slide were analysed.
(b) Quantitation of DNA synthesis: AKR and T6 cells were cultured separately (2 x 106 cells/ml medium) as described above. Twelve h before harvesting, 2 ,uCi thymidine-methyl-3H(3H-TdR, specific activity 2-0 Ci/mmol, NEN, Frankfurt, Germany) were added to each culture. Cultures were processed and 3H-TdR uptake was calculated by liquid scintillation counting (Doenhoff et al., 1970) .
Spleen cell cultures.-2 x 106 cells were cultured in 1 ml medium as described above. Triplicate sets received PHA at a final concentration 1 : 100 or 2 ,ug concanavalin-A (Con A, Calbiochem, San Diego, Calif., U.S.A.) or 25 jtg lipopolysaccharide B E. coli (LPS, 055:B5 Difco, Detroit, Mich., U.S.A.). All doses were calculated to give a maximum mitogenic response. Triplicate sets without mitogens served as controls. Cultures were then processed as described in (b).
Antigens.-SRBC (Sclavo, Siena, Italy) were washed twice with saline and 4 x 108 cells in 0-1 ml saline were injected i.p. 0-02 mg LPS in 0-1 ml saline was injected i.p.
Detection of antibody producing cells.-The number of direct haemolytic plaque forming cells (PFC) against SRBC was determined on Day 4 and 5 following immunization, according to Jerne, Nordin and Henry (1963) . The number of direct PFC against LPS coated SRBC was determined on Day 3, 4 and 5. SRBC coating with LPS was achieved as described by Moller (1965) . Agar plates containing the cell suspensions adjusted to give about 50-100 PFC/plate were incubated at 37°C for 1 h, after which 3 ml of 1: 10 guinea-pig serum (Sclavo, Siena, Italy) were added. The plates were incubated again at 37TC for 1 h in order to developed haemolytic plaques. PFC be carried out on single animals. Moreover, with this assay variations in the number of PHA responsive cells can be quantitated very precisely. As reported in Table I cultures were set up in which the AKR/T6 cell concentration varied. The results indicate that AKR cells are less responsive to PHA than T6 and consequently the AKR/T6 mitosis ratio obtained fell below the mitosis ratio expected on the basis of a straight cell count. However, by correcting each AKR/T6 mitosis ratio with its respective AKR/T6 cell ratio, a value was obtained which was fairly similar for all the cell concentrations used. Therefore, if the cell populations tested present a variation in the PHA responsive cell number, a proportional variationi in the number of mitoses is detectable.
It was necessary to exclude the possibility that a mixed lymphocyte reaction (MLR) between AKR and T6 cells might have modified the results (Festenstein, 1973) even though the incubation time was relatively brief. Thus, we correlated 3H-TdR uptake of AKR and T6 cells cultured separately with the number of mitoses scored when cells from the same suspensions were cultured together. Response of AKR and CBA spleen cell cultures to Con A, PHA and LPS stimulation
The response of AKR spleen lymphocytes to different mitogens was compared with that of CBA mice. As reported in Table III , spleen cells from individual mice were stimulated with Con A, PHA (T cell mitogens) and LPS (B cell mitogen). Following Con A and PHA stimulation, 3H-TdR uptake and stimulation index (SI) in AKR mice was significantly lower than in CBA mice (P < 0.01). On the other hand, no differences were found between these 2 strains following LPS stimulation, indicating that although AKR T lymphocytes respond poorly, B lymphocytes are fully responsive. Moreover, a similar number of 0 positive cells was found in blood and peripheral lymphoid organs of both AKR and CBA mice (Collavo et al., 1975) . Accordingly, T mitogen hyporeactivity detected in AKR mice cannot be ascribed to a lower T cell number.
In vivo response to SRBC and LPS . : : ' , . . . pattern of response. AKR and CBA mice were injected i.p. with thymus dependent (SRBC) and independent (LPS) antigens. At different intervals following the immunization the spleen direct PFC against SRBC and LPS coated SRBC were evaluated. As shown in Fig. 2 , SRBC immunized AKR mice on Day 4 produced less PFC (evaluated both per 106 cells and per spleen) than CBA, and even less on Day 5 (P < 001 and P < 0-001 respectively). A greater difference between the 2 strains was observed following LPS injection (Fig. 3) . AKR mice produced a much lower number of PFC on different days (4, 5, 6), evaluated both per 106 cells and per spleen (P < 0.001). Thus, in vivo data suggest that the immunological deficit in AKR mice involves the response to both thymus dependent and independent antigens.
DISCUSSION
Our previous (Biasi et al., 1974) that antibody production to SRBC (Metcalf and Moulds, 1967) and GVH reactivity (Hargis and Malkiel, 1972) are not reduced in preleukaemic AKR mice, there is no general agreement on this topic. Skin graft rejection, GVH reaction (Dore et al., 1969) and response to PHA and Con A (Nagaya, 1973; Zatz, Goldstein and White, 1973) have also been reported impaired in preleukaemic AKR mice. Genetic dissimilarities, leading to different expression of MuLV group specific (gs) antigen and spontaneous leukaemia incidence among the various AKR sublines (Acton et al., 1973) , might explain the discrepancies between our results and those of others. AKR mice employed in this study derive from the colony of the Laboratory of Genetics, Radium Institute, Paris (Dr Rudali) and are characterized by a high MuLV gs expression and an 80-90% spontaneous leukaemia incidence.
Comparing adult AKR mice with mice of other strains, several workers have reported a defect in T cell function (Hays, 1972; Frey-Wettstein and Hays, 1970; Zatz et al., 1973) . In the present study, AKR immune reactivity was compared with that of CBA mice. These mice were chosen as controls because they exhibit a low spontaneous leukaemia incidence, share the same H-2k haplotype and possess a similar amount of peripheral 6-positive cells. Following in vitro exposure to mitogens, the response of AKR spleen lymphocytes to Con A and PHA was markedly reduced, whereas it was unchanged after LPS stimulation. Therefore, it seems likely that in AKR mice an intrinsic hyporeactivity to selective mitogens exists and it seems to affect the T cell population only.
The in vivo evaluation of immune reactivity is in partial agreement with our in vitro findings. In comparison with CBA, the lower AKR response to SRBC could be interpreted in terms of a functional deficiency in a T cell co-operative activity. It is difficult to explain the reduced response to immunization with Ad&" v . l--.
LPS, since the in vitro response was normal. However, although immune and mitogenic responsiveness to LPS seem to share a common genetic regulatory mechanism (Watson and Riblet, 1974) , evidence exists that the antigenic and mitogenic properties of LPS are quite distinct (Andersson, Sjoberg and Moller, 1973; Chiller et al., 1973) .
The question still remains if AKR immune deficiency is caused by an endogenous G-MuLV infection and the consequent neoplastic transformation of the lymphoid cells. The observation that the immune defect in T cells is present in mice of different age groups, thus showing no correlation with the virus titre, and that it affects also the B cells which are rarely involved in neoplastic conversion, does not favour this hypothesis. Furthermore, we have recently observed that CBA mice neonatally infected with passage A G-MuLV do not show any reduction in PHA and LPS lymphocyte response in vitro, nor a reduced in vivo antibody production to SRBC or LPS antigens when compared with normal control (Collavo et al., 1975) . Therefore, it seems reasonable to conclude that the full expression of endogenous G-MuLV and the resulting high leukaemia incidence are merely the consequence of a complex intrinsic defect which alters the immune reactions in AKR mice.
